Background: The success of any tuberculosis (TB) control/intervention programme hinges on the understanding of transmission dynamics of TB within that setting. However, there is paucity of data in high disease burdened countries like Nigeria on the associated risk factors of childhood TB and this supports the need for this research. Objective: This study was undertaken to determine the prevalent associated risk factors of childhood pulmonary TB in a high diseased burdened setting. Subjects and method: We carried out a cross sectional study among children aged 18 months to 15 years in six selected health facilities in Nasarawa State, Nigeria. The subjects were screened for pulmonary TB using chest X-ray, sputum or gastric aspirate acid-fast bacilli microscopy and mycobacterium culture. They were also screened for HIV infection. Detailed information was taken regarding history of contact with adult TB source case, house-hold contact, duration of contact, house-hold size, number of people sleeping in a room, cross ventilation, BCG immunization, socio-economic, educational and HIV status of parents, and ingestion of unpasteurized milk and chronic illness other than TB. The subjects had physical examination for BCG scar and nutritional status. Results: A total of 150 subjects were selected for the study with mean age of 9.12 ± 4.66 years and median age of 10.0 years. The prevalence of definite TB cases found among them was 32% which is 5.5 times higher than the reported national average. The risk factors associated with pulmonary TB include lower socioeconomic status (79.2%), history of contact with an adult TB case source (72.9%), overcrowding (72.9%), absence of cross ventilation (68.8%), ingestion of unpasteurized milk (45.8%) and severe malnutrition among children under five using MUAC parameter (12.5%). The most significant independent predictors of TB in children were absence of cross ventilation (OR = 3.27), contact with adult source case (OR = 2.91) and overcrowding (OR = 2.30). Conclusion: Absent of cross ventilation, contact with adult source case and overcrowding are the most significant predictors of pulmonary TB in children. Although ingestion of unpasteurized milk is a significant predictor and important source of TB, it is not a major source of TB transmission when compared to contact with adult source case (Open TB).
Introduction
The knowledge of the global burden of TB and its associated risk factors in children is limited to a certain extent. 1 The risk factors of TB infection is more or less same in both children and adults. However, children bear much of the brunt of the disease because they are easily infected by house-hold contact with infected adults, mostly their caregivers. 2 Generally, young children aged 0-4 years are the most vulnerable to the disease due to vulnerability of their immune systems. 3 A small proportion of children with TB (generally older children) develop post-primary TB either due to reactivation in the lungs, after a latent period of dormant bacilli acquired from a primary infection, or by re-infection. 4 Immunosuppression, commonly from Human Immunodeficiency Virus (HIV) infection, multiplies the risk of progression to disease in children. 1, 4, 5 Severe malnutrition has a strong association with TB. 6 Other risk factors known to be associated with TB infection include poverty, poor immunization status (unvaccinated with BCG), low parental education especially maternal education, overcrowding, high population density, contact with adult infectious TB cases, ingestion of unpasteurized milk, and chronic diseases. 4, [7] [8] [9] [10] [11] [12] [13] The advent of Human Immunodeficiency Virus (HIV) infection has changed the global trend of TB with number of TB cases rising especially in the developing countries of southeast Asia and sub-Saharan Africa, where co-infection with HIV and TB are prevalent. 14 Nigeria continues to record the highest TB incidence in sub-Saharan Africa as a result of the prevalence of the aforementioned risk factors worsen by protracted poverty, recent large pool of internally displaced persons and population migration due to ethno-religious conflicts/insurgency. It is therefore imperative to ascertain the risk factors that are associated with pulmonary TB amongst children in the region who bear huge burden of the disease which is rarely appreciated due to under reporting. 5 The study is aimed at finding out the associated risk factors for Pulmonary TB among children aged 18 months to 15 years in an endemic setting (see Figs. 1 and 2).
Materials and methods
This cross sectional descriptive study was carried out in six selected health facilities in Nasarawa State, Nigeria over a period of six months; February to July 2012. One hundred and fifty (150) children were enrolled based on 8.9% smear positive prevalence of TB in children previously reported in Ibadan, Nigeria. 15 The study subjects were children between the ages of 18 months to 15 years seen in the selected health facilities both out-and inpatient who have consented and are anti-tuberculosis chemotherapy naive. Multi-stage sampling technique was used to select the health facility and study subjects starting from the local government councils in the three senatorial districts of the state. Ethical approval was obtained from the Human Research Ethics Committee of the Nasarawa State Ministry of Health, and informed written consent was taken from parents of study subjects.
The subjects were screened for pulmonary TB depending on their age using either sputum or gastric aspirate samples for Acid Fast Bacilli (AFB) microscopy by Ziehl-Neelsen method and mycobacterium culture on Egg-based media (Lowenstein-Jensen media). A definite TB case in a child was defined by either culture positive or AFB microscopy positive in two smears or a combination of both culture and AFB Microscopy in accordance with WHO recommendation. 16 All the children were also assessed radiologically for pulmonary TB using chest X-ray investigation and screened for HIV using ELISA method according to serial national algorithm for diagnosis of HIV following pre-test counseling (opt-in).
A questionnaire was administered to evaluate the associated risk factors of pulmonary TB and detailed information obtained regarding history of contact with adult TB source case, house-hold contact, duration of contact, house-hold size, number of people sleeping in a room, cross ventilation, BCG immunization, socio-economic, educational and HIV status of parents, ingestion of unpasteurized milk and chronic illness other than TB. The subjects were further examined for BCG scar and nutritional status.
The occupation and education of the parents of study subjects was fundamental in determining their socioeconomic status. Subsequently, classified into socioeconomic class high or upper (class I and II), middle (class III) and lower (IV and V) using the Olusanya et al. 17 index scoring method. Household size was determined by the number of family members in the household whereas household overcrowding was considered when an average of greater than two persons sleep in a standard room. 14, [18] [19] [20] For our study contact with adult TB source case was defined as contact in general of a child 15 years or below with an adult with active TB (Open TB) irrespective of the location. House-hold contact was defined as a child 15 years or below living in the same house (dwelling under the same roof) as the adult with active TB (Open TB).
Anthropometric measurements included the weight, height or length, and mid upper arm circumference (MUAC). These were aimed at assessment of the nutritional status of the children. WHO Z-score [weight for age (WAZ) and height for age (HAZ)] was used to identify those who had severe malnutrition (Z score of <-3SD). The weight was measured in kilogram (kg) to the nearest 0.1 kg using Bassinet weighing scale in children less than 24 months and salter bathroom scale for children older than 24 months. Measurements were read twice and the average recorded. The scales were checked for accuracy with a standard 10 Kg weight after every tenth measurement. The height was measured in centimeter to the nearest 0.1 cm using stadiometer, whereas infantometer was used to measure length in children less than 24 months. The MUAC was measured with a non-stretch tape in centimeters to the nearest 0.1 cm in children 18 months to 59 months. Severe acute malnutrition was confirmed using the WHO standard of MUAC less than 11.5 cm.
Data management/ analysis
All subjects' data in the questionnaire was entered into computer using microsoft excel and analysed using the SPSS statistical software version 17.0. Categorical variables were cross tabulated using frequencies and percentages, whereas quantitative variables were summarized using mean, standard deviations, median or range as appropriate. Student t-test was used for comparison of means of parametric variables. The chi square test was used for testing the significance of association between categorical variables on contingency tables. Binary logistic regression model was used to obtain predictors of TB in children using the obtained risk factors as independent variables and definite TB case (TB case and No TB) as dependent variable. All tests of significance were two-tailed. P-value < 0.05 was considered statistically significant difference.
Results
During the study period, a total of 150 subjects were enrolled with a mean age of 9.12 ± 4.66 years and median age of 10 years.
Fibrocavitary lession
Huge cavity Smaller cavities containing air fluid level There were 72 males (48%) and 78 females (52%) with male to female ratio of 0.92:1. High proportion (66.7%) of the families of study subjects belonged to the lower socio-economy class with 22.7% and 10.6% belonging to the middle and upper social classes respectively ( Table 1) . Sputum and gastric aspirates samples were collected from 110 and 40 of the study subjects respectively. Out of the sputum and gastric aspirates samples 41 and 7 respectively were diagnosed of definite TB, given a total of 48 (32%) out of the 150 children enrolled having definite TB, which is statistically significant (p = 0.022).
All the 150 study subjects were assessed radiologically for Pulmonary TB using chest X-ray investigation and the result is shown in Table 2 . Among the 48 definite TB cases, normal radiographic findings were seen in 20 (41.50%), hilar opacities 12 (25.0%) and cavitary lesions 9 (18.8%). Among those without TB, peri-hilar infiltrates and nodular opacities were more common rather than cavitary lesion. These were statistically significant (p = 0.0001).
The risk factors associated with pulmonary TB discovered amongst the study subjects include lower socioeconomic status 38(79.2%), history of contact with an adult TB case source 35(72.9%), overcrowding 35(72.9%), absence of ventilation 33(68.8%), ingestion of unpasteurized milk 22(45.8%) and severe malnutrition among children under five using MUAC parameter 6(12.5%) Table 3 . (6), Chronic kidney disease (4), Non-hodgkin lymphoma (2), Diabetes mellitus (1) and sickle cell (1) . Binary logistic regression model using definite TB case (TB case and No TB) as dependent variable and risk factors as independent variables demonstrates that socio-economic status, house hold size, overcrowding, absence of cross ventilation, contact with adult TB case, and ingestion of unpasteurized milk were the significant predictors of tuberculosis among children by Wald criterion (P < 0.05). The significant predictors with highest Exp n (OR) are; no cross ventilation (OR = 3.27), contact with adult source case (OR = 2.91) and overcrowding (OR = 2.30) Table 4 .
Discussion
Tuberculosis remains one of the major among the group of common infectious diseases of Children. 21 The TB prevalence (32%) in this study when compared with the reported 2013 Nigeria's national prevalence rate of 5.8% among children is 5.5 times higher. 22 This indicates how highly endemic TB is in this setting. It is therefore of prime importance to have knowledge on the associated risk factors for pulmonary TB among these infected children as they represent a large pool from which more TB cases are likely to arise in future. 21 Chest radiography plays a significant role in the diagnosis of childhood tuberculosis. [23] [24] [25] In our study, we found hilar opacities and cavities to be the commonest pathologic chest radiographic findings among the children diagnosed of pulmonary TB which is consistent with similar studies 24, 26 from South Africa. Possible explanation for these findings is based on the natural history of TB disease. Hilar opacities demonstrate the involvement and exuberant response of regional lymph nodes following primary infection majorly among the young age group in order to stop the multiplication of Mycobacterium tuberculosis at this stage. Therefore, hilar opacities are considered as the radiologic hallmark of primary TB. 3 Cavities are adult type disease which first appears around 8-10 years of age and becomes the predominant disease manifestation during adolescence. 27 This points to the fact that matured immune system in TB diseased patient plays a significant role in formation of cavities. Also, the finding of normal chest radiographs in some of our study subjects with definite TB is consistent with the studies 24, 26 from South Africa. The reason being that they were immunocompromised (HIV infected and severely malnutrition).
The majority of the cases of definite TB in this study were amongst the 10-15 year olds (58.3%). This finding was unexpected as studies from other high endemic TB communities tended to have cases of TB in younger children. Rie et al. from South Africa in a community based study reported 25-49% of their study subjects with TB were between 0 and 4 years while 7-12% cases were of 5-14 years. 28 Another community based study from South Africa by Marais et al. 29 reported the highest risk of TB disease to be very young age (<2 years) and lowest risk was between 3 and 10 years but risk increased again above 10 years of age. Unlike the South African studies above, the current study is facility based and may not be representative of disease distribution by age in the community. The isolation of AFB or Mycobacterium tuberculosis in sputum by smear or culture is easier in adolescents who have open pulmonary TB and constitute 53.4% of the study subjects as compared to younger age groups.
TB affects mostly the poor. 4 This study shows that more than two-third of definite TB cases were from the low socio-economic group. This is in consonance with the work done by Aarti et al. 30 in India. The poor are more vulnerable to TB because they are more likely to have poor housing that are poorly ventilated and overcrowded. 19 Also associated with poverty and crowded shelters are commercial sex work, child abuse and neglect, malnutrition and poor immunization coverage, all documented risks for TB and HIV infections. [31] [32] [33] Overcrowding as reflected by housing density has the potential to increase exposure of susceptible individuals to those with open TB, so that children sleeping in the same room as the index patient are more likely to get infected. 18 In our study we used the number of persons per room as a measure of overcrowding and found that it was a significant risk factor associated with pulmonary TB in children. This finding is consistent with the study from Bangkok. 18 Lack of cross ventilation and overcrowding were amongst the most significant independent predictors of TB in children seen in our study with high odds ratio Exp (B) 3.27 and 2.30 respectively. These factors are known to be associated with continuous spread of Mycobacterium tuberculosis as observed in communities with high rate of active TB because their presence multiply the risk for TB infection as shown in our study. 4, 18, 20, 28, 34, 35 Children are three times more likely to develop TB when exposed to an adult with open TB based on our study. This is consistent with findings of similar studies from Bangkok, Gambia, Pakistan, Bangladesh, Benin City and New York City. 18, 19, 21, 23, 36, 37 Our study also established that greater than half the population of children with definite TB has had contact history of more than two years with adult TB patients. This indicates that intensity of exposure to adult with TB for a prolonged period predisposes a child to developing TB. 18, 21, 35 Similarly, a high proportion (70.8%) of definite TB cases has a history of BCG vaccination compared to 29.2% with no such history. This differs from what Guwatudde et al. 14 and Boccia et al. 33 recorded in Uganda and Zambia respectively; where they found a strong association between non-BCG vaccination and TB infection. Our study findings can be explained by the fact that BCG vaccination does not protect from TB but may prevent severe forms of TB especially in infancy and early childhood, limiting serious disseminated TB. 21 Also, about half of the definite TB cases (45.8%) in this study had absent BCG scar but this was not statistically significant. Often BCG scars are considered as the marker of vaccination, however its limitations span from fading scar, immunosuppressive conditions, inappropriate immune response, lack of immunization, poor record keeping of vaccinations given and faulty technique amongst others. 1, 14, 19 The finding of absent BCG scar as a non-risk factor for TB in this study is consistent with given records of studies from Uganda and Zambia. 14, 33 Maternal education correlated well with definite TB cases in our study. While 50% of children with definite TB had mothers with no formal education, only 6.3% of children so infected had mothers with tertiary education. This is consistent with similar studies from around the world which shows that maternal education is integral to protecting a child against pulmonary tuberculosis. 19, 21, 23, 28 Maternal education aids female empowerment which impacts positively on child nutrition and well-being.
The association between ingestion of unpasteurized milk and TB was also statistically significant. About half the subjects with definite TB had a history of ingestion of unpasteurized milk. This is similar to the reported study by Cohn et al. 13 from the Dominican Republic Bateyes which shows unpasteurized milk consumption as an independent risk factor for intrathoracic TB among children aged 18 months to 18 years. Similarly, Yohanna et al. 38 reported the high risk for contracting zoonotic infection by the Nasarawa state populace from high prevalence (15.08%) of bovine TB found among the Fulani herdsmen in the State. The high prevalence of TB in Nasarawa State observed in the study may be due to Mycobacterium bovis; or the combination of M.bovis and M.tuberculosis rather than just M.tuberculosis infection.
On another hand, there is no statistically significant association between HIV status of either study subjects or of their parents / guardians as risk factors for TB in this study. These findings agree with the report of Nelson et al. 4 in Global Epidemiology of Childhood TB which indicates that several studies worldwide have failed to find an increased rate of TB in HIV-exposed or infected children. A study from Zambia also shows that the presence of multiple pathogens in a single HIV infected child was common and TB ranked fourth in order of occurrence of the pathogens. 39 This finding supports the fact that young children with HIV are at higher risk of morbidity and mortality from other respiratory diseases, and may succumb to these infections before being infected with TB. 4 A considerable number of children with chronic illnesses that are non-communicable has been noted in this study to have PTB which is comparable to the study of Shetty et al. 20 , although the finding was not statistically significant. The leading ones found are the renal diseases (Nephrotic syndrome on steroid treatment, chronic kidney disease) followed by non-hodgkin lymphoma, sickle cell anaemia and diabetes mellitus. These illnesses are a reflection of recent major demographic and lifestyle changes in urban setting of sub-Saharan Africa, leading to rise in non-communicable diseases. 40 These illnesses are known immunosuppressive conditions that are associated with reactivation of latent tuberculosis. 40 This study also demonstrates association between malnutrition and TB as seen in other related studies from India and Pakistan. 11, 21 Severe acute malnutrition using mid upper arm circumference (MUAC) <11.5 cm amongst the under-fives was found to be statistically significant (p = 0.002). However, the Z-scores for height and weight for age are of no statistical significance (p = 0.735 and p = 0.533 respectively). The reason may be the small sample size employed for this study.
Future research questions
There is a need for a community based study to compare findings with this hospital based study. A molecular diagnosis with genomic characterization of the isolated mycobacterium species is required to determine the type of mycobacterium infection in the community.
Conclusion
Absent cross ventilation, contact with adult source case and overcrowding are the most significant predictors of pulmonary TB in children. Although ingestion of unpasteurized milk is a significant predictor and an important source of TB, it is not the major source of TB transmission when compared to contact with adult source case (Open TB).
Recommendations
Intensive advocacy towards good housing, contact tracing and, public education on the dangers of ingestion of unpasteurized cow milk are vital efforts in TB elimination among children.
